The analysis conducted in this paper was initiated by the fact that Serbia emitted around 80 million tons of CO 2 , equivalent in 1990, and in between 85-89 
Introduction
Various gases are emitted in process of production, transformation and consumption of fossil fuels. Unfortunately, most of them are harmful gases (GHG-Greenhouse gases) whose impact on global climate change is more than evident [1] [2] [3] [4] [5] . It is known that all the gases released in fuel combustion can be classified as fugitive emission and fossil fuel combustion emission. The fugitive emission comprises vapors created in the process of coal mining, and crude oil and natural gas processing, transport and storing, and the gas released is mostly methane (CH 4 ). The most characteristic gas released in combustion of fossil fuel is carbon dioxide (CO 2 ), even though certain gases such as: methane (CH 4 ), nitrous suboxide (N 2 O), nitrous oxides (NO X ), carbon monoxide (CO), non-methane volatile organic compounds and sulfuric oxides (SO X ) are also present to a certain degree.
When discussing the emission of CO 2 at the level of the Republic of Serbia [6] [7] [8] , the results of one of the conducted studies indicate that emissions of CO 2 from district heating plants in 1998 amounted to 88.83% of emissions in comparison to 1990 at fuel consumption of 0.535 M toe , while in 2008 at fuel consumption of 0.590 M toe , the emission of CO 2 reached the level of 94.28% of the emission in comparison to 1990. Variation of the amount of produced heat energy and amount of emitted CO 2 , CO 2ekv . and CO 2tot. in comparison to the value of emission in 1990 is presented in Fig. 1 .
Fig. 1. Changing the amount of generated heating energy and the amount of the emitted CO 2 in the period 1990 -2008 [9]
The procedures aimed at reducing emission of GHG, are the priority in all segments of human activities. Observing these priorities, when it comes to the centralized supply of heating energy and hot water in the public sector of the Republic of Serbia, the existing research and studies recommend potential for reduction of harmful emission of GHG, by favoring [9] : -Reduction of specific consumption of heating energy per heated area, through improvement of thermal insulation of the building stock, -Substituting coal and oil by natural gas and/or biomass, and -Introduction of contemporary technological solutions (combined production of electric and heating energy and facilities with gas-steam cycle and cogeneration) With these recommendations in view, the presented analyzed kindergarten structures (KG) were chosen based on two criteria: the first comprises that all the structures are connected to the district heating system, and the second that it is possible to fit photovoltaic panels on the buildings. According to the previously set criteria, out of the total number of kindergartens in the territory of the city, five kindergartens were selected (Tab.1). The case study conducted by the paper has a goal of evaluating potential benefits of reduction of CO 2 emission which was accomplished by the revitalization of energetic features of the existing structures, and by the improvement of their energy efficiency and reduction of total consumption of electric energy through application of photovoltaic panels on the free area of the flat roof.
Measurement and calculation method

Existing condition
Measurement
The measurement results obtained in the city were obtained using appropriate devices which were fitted, attested and calibrated according to the standards by an adequate distributer and represent the result of the three year long period of monitoring of total heating energy and electric energy consumption of five chosen kindergartens in the territory of the city of Niš (Serbia). By using the obtained results the total emission of CO 2 was calculated according to the standing code book; the emission was used for evaluation of the condition prior and after the revitalization of the energetic features of the chosen structures. In addition of the values of heating energy consumption expressed in kWh, also given are the data about the distributer of heating energy, heated surface area of the structures and built year. Heating energy consumption measurements were performed for three heating seasons from 2011/2012 to 2013/2014 for each of the structures (KG.1 to KG.5). The obtained results were presented in tables (Tab.2), and they present the total consumption of the heating energy supplied by the adequate heating plants of City Niš (Tab.1) for each of heating season from October 15th to the April 15th (Fig.2) .
In order to obtain complete image about the total emission CO 2 of the exsisting condition, in addition to the emission created by the consumed heating energy for each of five chosen kindergartens, the calculation includes the emission created by the consumed electric energy. Measurement of electric energy consumption is carried out for a period of 12 months for adequate heating season, but for the period that covers October 15th to October 15th next year (Fig.2) . The measurement provided the results of electric energy consumption of the analyzed kindergartens in the previously described period, and the measured values are presented in the table (Tab. 3).
Conversion factors for calculating annual primary energy are taken from Table 6 .12 specified by the Code on energy efficiency of buildings [10] , and calculated by the following equation:
where: Q H,KG.n -overall consumption of heating energy (final energy); E prim -annual primary energy; f prim -conversion factor for calculating the annual primary energy. 
Calculation
Taking into account the various methods of calculation considering that for the analysis -case study was chosen the city of Niš (Serbia), the implemented calculation methodology was specified by the Code on energy efficiency of buildings -Official Gazette of the Republic of Serbia, no. 61/2011 [10] .
Based on the Code on energy efficiency of buildings, the emission of CO 2 is calculated in the following methodology: -total emission of CO 2 generated during operation of a building is determined based on the data of specific emission of CO 2 for certain sources of energy, by multiplying the annual necessary primary energy for building operation according to the specific energy source with the corresponding specific CO 2 emission parameter, which is provided in table 6.13 of the code and summing up the values, -the indicators of CO 2 emission are expressed in the form of the annual emission of CO 2 (kg/a) and specific annual emission of CO 2 per surface area unit (kg/m 2 a).
Data of specific emissions of CO 2 for certain types of energy, according to the code, for Electric Energy is EM CO 2 =0.53 kg/kWh, and for the District Heating EM CO 2 =0.33 kg/kWh. Data for district heating are used in case when the fuel supplier does not provide emissions for its fuels, i.e. energy. Annual emissions of CO 2 determined by the following equation:
where: EM CO 2 -specific emissions of CO 2 ; E prim -annual primary energy. The previously proscribed methodology is used to calculate emission of CO 2 (kg/a) for the exsisting condition of the analyzed kindergarten structures (KG.1 to KG.5). The measured consumed heating energy and the consumed electric energy, is presented by the table (Tab. 4).
The annual (total) emission of CO 2 was obtained by summing up the results of the calculated annual emission generated by the consumption of heating and electric energy for each of the observed three heating seasons (calculated values of CO 2 emission from Tab. 4). The total, i.e. aannual emission of CO 2 of each of the analyzed structures is presented in tables (Tab. 5) and by the graphical diagram (Fig. 3) . The table also presents the energy efficiency classes of the Exsisting Condition. Based on the previous measuring results in all the presented analyzed examples, it is evident that the consumption of heating energy for the observed heating seasons (see Tab. 2) decreased. The direct consequence of decrease of the heating energy consumption is the expected trend of decrease of CO 2 emission for every of the analyzed kindergartens, as presented by the diagram in The mentioned data clearly indicated that the main cause of the CO 2 emission reduction trend is primarily the results of the rise in the average daily temperature in comparison to the reference year 2011, than a consequence of a targeted intervention. It is necessary to point out that in addition to the rising temperature the CO 2 emission reduction was affected by the fact that the City District Heating Plant of Niš (the list of constituent heating facilities is provided in Table 1 ) increased the share of gas used as fuel to around 90%, while the remaining 10% still belonged heating oil [11] .
Methods of Energy Efficiency Improving
New condition -after Energy Efficiency Improvements (EEI)
Energy revitalization of structural elements
All five kindergartens included in this research was built in different time periods, with insufficient thermal insulation of structural elements, which resulted in the inadequate energy efficiency of the structures. Such status ha an equivalent impact on the calculated (actual) emission of CO 2 , on whose bases it can be concluded that kindergartens built by end of 70's and beginning of 80's (kindergartens KG.2-Bambi; KG.3-Plavi Čuperak ad KG.5-Neven) in terms of their usable surface area have higher emissions of GHG (CO 2 ) than Kindergarten KG.4-Zvončić which was built at the beginning of 90's or kindergarten KG.1-Petar Pan which was built in 2005.
The importance of applying the principle of energy efficiency in Serbia is more than evident. Regarding the initial hypothesis and goal of this study, it is necessary to revitalize all the buildings of the chosen kindergartens in energy terms and they determine and quantify the CO 2 emission reduction benefit which is an indirect result of the improvement of energy efficiency after the performed energy revitalization measures.
Energy revitalization of the building of all five kindergartens was performed by adding a thermal insulation material from polystyrene (EPS and XPS) of adequate thickness for every structural element (walls, flat roofs, slant roofs and ground flooring). Revitalization of transparent surfaces (windows and external doors) comprised replacement of the existing ones with the new ones complying with the maximum permissible heat transfer coefficient from the code, U max [Wm The energy revitaliztion design was produced using software package KnaufTerm 2 PRO-ver. 23 [12] . This software package was designed so that it focuses on energy performance of the buildings, i.e. energy passport, with all the accompanying necessary phases.
The software firstly calculated the energy class of the existing status of the kindergarten presented in table 6, to find out to which energy class the kindergarten currently belongs, and to what extent it is possible to add thermal insulation material. When the energy class of the current status was determined, energy revitalization was implemented according to the standing Code on energy efficiency of buildings, which stipulates that energy revitalization is considered improvement of energy class of the building for only one class, which was implemented as a rule in this research. On the basis of the previously described procedure of energy revitalization of structural elements, starting from the assumption that in the future the City district heating plant -Niš will use natural gas as a primary fuel for production of heating energy, the yearly primary heating energy Eprim was obtained, with the values presented in table 6. The table presents the newly obtained energy class as well as the total CO 2 emission for annual consumption of heating energy. Therefore, in table 6, for each of the analyzed kindergartens were presented: corrected-newly designed energy class of the building, annual emission of CO 2 calculated for the building status after energy revitalization.
The energy revitalization performed in this study improved energy class (EE class) for four out of five kindergartens. Only the Kindergarten KG.1-Petar Pan which was designed and built in 2005 remained in the same energy class after the proposed intervention. This resulted in somewhat better construction of thermal insulation of the building, but a more prominent improvement of its energy efficiency requires a larger correction of the U coefficient of certain structural elements of the building. For these reasons, the proposed methodological principle of energy revitalization did not considerably contribute to the reduction of CO 2 emission of the kindergarten KG.1-Petar Pan, while in other cases this improvement in CO 2 emission reduction was more prominent, which will be presented and elaborated in detail in the following section.
Energy revitalization by PV panels
By analyzinig potential for fitting of photovoltaic panels (PV) on the roof surface of the kindergarten, a considerable saving of electric energy consumption can be made, and thus the benefits of CO 2 emission can be made. Based on this assumption in this study, the final balance will include the benefit made by fitting the photovoltaic panels on the roof structure of the kindergartens.
By analyzing the available surface it was determined that it was possible to fit the photovoltaic panels on all five kindergartens. The paper presents the surfaces where fitting is possible, as well as the total production of solar electric energy. On our market, various manufacturers of photovoltaic panels can be found, with the prices varying depending on the photovoltaic cell technology. For this research were used photovoltaic panels photovoltaic panel with 36 cells. It was made from the specially tempered glass, who having nominal power of 130 Watt per square meter [13, 14] . The efficiency of the photovoltaic panel is 13%, and the optimal working voltage 17.72 V. The framed photovoltaic panel has a weight of 550 kg/m 2 , while the frameless panels have the weight of 245 kg/m 2 . The manufacturer issues a warranty of 25 years for the product performance, and 12 years on the product itself. It was adopted that the power of photovoltaic panels per kilowatt (1kW) is 1,200.00 kWh of electric power a year. Also adopted is the radiation energy of 3.30 kWh/m 2 per day, which is characteristics for Serbia [15, 16] . The angle of panel fitting in relation to the horizontal line yielded the angle of 40.7 degree [17, 18] . This angle was used for flat roof structure, while in case slanted roof structure, the photovoltaic panels were integrated in the construction itself. In these roof structures, the roof ranges between 20 degree to 33 degree depending on the roof cover. The spacing of photovoltaic panels of flat roof structures was calculated according to the proposition which determines the spacing as 4 heights of the which in case of the chosen panel type is around 3.90 m. By using the previously described methodological procedure, an analysis of potential for fitting the panels on the free roof surfaces was made, with the purpose of prediction of the obtained electric power quantity. The results are presented by the last column in table 7.
In table 8 were presented: averaged electric energy consumption based on the annual measured, produced electric energy due to the fitted photovoltaic panels, and in the ultimate column of the table, calculated reduced annual emission of CO 2 . In case of KG.2 (Bambi) the produced electric energy obtained by PV panels was bigger than the averaged measured consumption of electric energy in the analyzed period. For this reason, the realized reduction of emission of CO 2 has a negativ value. Since the measured values of annual electric energy consumption were averaged, in the goal to make objectiv estimation of total reduction effect, this value was not included in the sum for total reduction presented by the last column in table 8. 
Results and discussion
The methodological principle of energy revitalization of the analyzed buildings is based on correction of heat transfer coefficient of elements of their thermal envelope and by usage of photovoltaic panels as roof active solar collection system. In the case of non-transparent partitions (walls, roof, ground flooring) the revitalization was accomplished by reduction of heat transfer coefficient by adding additional thermal insulation layer to achieve U<U max [Wm -2 K -1 ], and in the case of the existing transparent surfaces (windows and doors) they were replaced with new elements having higher energy efficient and a lower heat transfer coefficient than the maximum sanctioned Uw<1,5 [Wm
. Such method of energy revitalization was quantified by the table 6, which presents the corrected values of required annual primary heating energy E prim , which produced another benefitreduction of annual emission of carbon dioxide (CO 2 ). Energy revitalization entails, in addition to structural interventions, an active acquisition of solar energy (obtained by fitting the photovoltaic panels on the kindergarten roof structure), whose equivalent reduction of annual CO 2 emission was calculated and displayed (Tab.9). The recalculated annual emission of CO 2 , was obtained by adding up the CO 2 emission of the annual heating energy consumption of corrected energy classes of buildings with newly designed status and averaged CO 2 emission of the electric energy consumption by selected heating seasons, and from the sum obtained in this way, the benefit of CO 2 emission from the fitted photovoltaic panels on the roof structure of the kindergarten was subtracted.
The benefit created by reduction of the CO 2 emission after energy efficiency improving is graphically presented in Fig. 4 . The referenced values was annual averaged emission of CO 2 of the existing condition and averaged emission of CO 2 of the new condition (Tab. 9). The highest reduction of (CO 2 ) emission amounting to 125,661.21 kg was achieved in case of the kindergarten KG.2-Bambi, and then in the kindergarten KG.5-Neven where the benefit of 95,360.54 kg was achieved. Energy revitalization and fitting of photovoltaic panels on the kindergarten KG.3-Plavi Čuperak produced (CO 2 ) emission reduction amounting to 75,601.66 kg, and in the kindergarten KG.4-Zvončić to 57,529.53 kg. The least benefit on the annual level was achieved in case of the kindergarten KG.1-Petar Pan and it amounts to only 44,740.82 kg. In figure 4 is presented the curve of the realize quantitative benefit of CO 2 emission in kilograms, i.e. the diagram of the realized benefit in percents (Fig. 5) .
Conclusions
Based on the presented results of the measurements and calculated values it can be concluded that he highest benefit in the carbon dioxide emission of 77.11% was achieved in case of the kindergarten KG.2-Bambi. This kindergarten was built as early as in 1978 and it is the oldest kindergarten in this study. Since there were no attempts to improve its energy efficiency since the time of construction, the achieved benefit obtained by energy revitalization is the highest in its case. The lowest benefit of CO 2 emission of 41.41 % was achieved in case of the kindergarten KG.1-Petar Pan which was built in 2005.
The reason for this is that it is a relatively new kindergarten having slightly better energy performance, which eventually implies slightly lower improvement of energy efficiency, and thus smaller benefit of CO 2 emission. Apart from the analyzed kindergartens, in the city of Niš territory, there are seven other kindergartens built in the period till 1980 which could undergo a very successful energy revitalization. By implementing the analyzed method of energy revitalization, it can be concluded that a significant reduction benefit for CO 2 emissions could be achieved for each of them. In addition to these, relatively old kindergartens, there are further six kindergartens in the city of Niš territory, which were constructed or reconstructed at a later date. They can be classified in two groups. To one group belong the kindergartens built between 1980 and 2000 and for them it is possible to realize the emission reduction benefit of cca 50-80%. The second group is composed of the kindergartens which are constructed or reconstructed in the period after year 2000. This group consists of the kindergartens with relatively good energy performances, so the achievable benefit of CO 2 emission for them is slightly lower, and it would amount to cca 30-50%. The reason for that are the limited potent of a significant improvement of the energy efficiency which can be realized in these structures only by replacing transparent surfaces and by installing the photovoltaic panels.
By the preliminary analysis of the status of structures in the territory of the city of Niš it was determined that out of the total number of kindergartens, only seven partially satisfies the regulations from the Code on energy efficiency of buildings, while the remaining fourteen buildings do not satisfy them at all. Should the required energy revitalization according to the describe methodology be performed on them, which would primarily reduce the need for higher consumption of heating and electric energy, it is possible to achieve the total averaged benefit in CO 2 reduction for about 50-60%.
Therefore, based on the presented case study qualitative analysis in the paper, on a certain number of selected kindergartens in the territory of the city of Niš, it can be concluded that corollary of the adequate energy revitalization is very considerable environmental benefit expressed through reduction of CO 2 emission. A benefit realized in such way would have positive effects regarding contribution to CO 2 emission reduction, both on the level of the city of Niš and on level of the Republic of Serbia.
